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ABSTRACT: This study explores the effects of light maternal 
ethanol consumption during pregnancy on the appearance of minor 
malformations in neonates as well as on the contractile properties of 
their umbilical cord arteries (UCAs). Clinical external (mdings of 
newborns of women declaring light ethanol consumption during any 
period of their pregnancies [ethanol-exposed group (E group), n = 
79] were compared with those of nonexposed mothers [nonexposed 
to ethanol group (NE group), n = 100]. Women who smoked or had 
any associated pathology were excluded. E group mothers consumed, 
on average. 200-250 mL ethanol/trimester (upper limit 700 mL/ 
trimester). Sixty-six percent of the neonates in the E group presented 
at least one minor malformation (retromicrognathia and minor anom­
alies of the auricular/preauricular area were the more common), 
whereas only 16% of the NE group did (p = 0.0000). The percentage 
of children exhibiting Apgar scores <7 was significantly greater in 
the E group (11% versus 2V. p = 0.0119). UCAs from the E group 
developed significantly less contractile force (p < 0.05 ) than those of 
the NE group when exposed to 1 /iM serotonin (5-HT) or to a high 
K depolarizing solution. This difference persisted after inhibition of 
endothelial release of nitric oxide (NO) and prostacyclin. In conclu­
sion. even light drinking should be considered a risk during preg­
nancy. (Pediatr Res 61: 456—461, 2007)
A Æatemal consumption of ethanol during pregnancy is 
IV J. associated with the appearance of fetal teratogenic 
effects such as growth restriction and mental impairments 
(1-3). Abnormal facial features including short palpebral fis­
sures, microcephaly, smooth philtrum, thin upper lip, retrog- 
nathia, and auricular anomalies are also typical findings (3). 
Ethanol freely crosses the placenta and remains elevated in the 
amniotic fluid for several hours, even after being nondetect- 
able in maternal blood (4,5), meaning that the fetus is exposed 
to alcohol effects for a considerably longer time. Ethanol 
effects on the fetus are mainly related to gestational age at
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which the exposure occurs, its amount, and individual suscep­
tibility (3,6). Jones and Smith (7,8) defined and characterized 
the fetal alcohol syndrome (FAS) as the effects on newborns 
of chronic alcoholism during pregnancy. However, consump­
tion of low doses of ethanol as well has been associated with 
partial expression of FAS. This was formerly known as fetal 
alcoholic effects (FAEs) (9,10) and is now subdivided in three 
categories: partial FAS, alcohol-related birth defects 
(ARBDs), and alcohol-related neurodevelopmental disorders 
(ARNDs) (11). Full-blown FAS together with all its partial 
presentations are collectively referred to as fetal alcohol spec­
trum disorders (FASDs) (11). The incidence of full-blown 
FAS is variable, ranging from 0.5 to 3.0/1000 livebirths (12), 
whereas partial presentations seem to be many times more 
frequent (13,14). Nevertheless, it is important to highlight 
that, to date, there is no consensus about which would be the 
maximum safe dose of ethanol that a woman may drink during 
pregnancy (2). For instance, as low as one drink per week has 
already been associated with adverse effects in the behavior of 
the offspring at age 6-7 y (15). Much has been written about 
full-blown FAS, but still there is scant information about its 
partial presentations, particularly regarding the consequences 
of in litero exposure to low levels of ethanol. Moreover, there 
are several potential confounding factors that should be taken 
into account when exploring ethanol effects on children, new­
borns, or fetal tissues, such as smoking, consumption of illicit 
drugs, or a family history of malformations. However, in 
many of the studies of the literature, these factors were not 
excluded for several reasons, e.g. unavailability of data in 
retrospective studies, failure to recognize them, impossibility 
to discard them, (11,16-20). There are, however, some studies 
in which these factors have been taken into account (15,21). 
Hence, one of the objectives of the present work was to 
evaluate the possibility that newborns of women who were 
light drinkers during pregnancy (a coimnon and socially ac-
Abbreviations: 5-HT, serotonin; ARBDs, alcohol-related birth defects; 
ARND, alcohol-related neurodevelopmental disorder; E group, ethanol ex­
posed group; FAEs, fetal alcoholic effects; FAS, fetal alcohol syndrome; 
FASDs, fetal alcohol spectrum disorders; high K+ KRB, high KC1 solution; 
KRB, Krebs-Ringer bicarbonate solution; NE group, nonexposed to ethanol 
group; UCAs, umbilical cord arteries 
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ceptable habit) already presented a higher risk of exhibiting 
malformations at birth, taking special care to eliminate con­
founding factors.
As well as affecting the fetus, ethanol may also interfere 
with maternal cardiovascular adaptations to pregnancy. For 
instance, alcohol-fed pregnant mice present unpaired metha- 
choline-induced vascular relaxation, a reaction that is nor­
mally mediated by NO release (22). This effect on blood 
vessels, which hinders the increase in maternal blood flow 
causing it to be insufficient for fetus metabolic requirements, 
may in part explain why alcohol consumption induces fetal 
damage and maternal disturbances.
Besides producing external phenotypic signs ethanol drink­
ing along pregnancy may affect inner organs and systems of 
the fetus, a fact that is more difficult to evaluate at birth. In 
particular, ethanol exposure during embryogenesis can lead to 
vascular and cardiac abnormalities (23,24). Hence, a second 
purpose of our investigation was to assess the possible effects 
of maternal ethanol consumption on the UCAs of the new­
borns, taking this vessel as a readily available sample of fetal 
vasculature and inferring that alterations of it may parallel 
those in other vessels. Additionally, because the main role of 
umbilical vessels is to transport blood between the fetus and 
the placenta participating in fetal nutrition and gas exchange, 
alcohol-induced damage to these vessels is interesting to 
report per se because it could alter fetal-placental blood flow 
leading to alterations in fetal growth.
PATIENTS AND METHODS
Sample and collection of data. The population used in this study consisted 
of a random sample of pregnant women who gave birth at the Maternity 
Service of the Hospital Interzonal General de Agudos “General San Martin” 
of La Plata, Argentina, from February 2005 to March 2006. The women were 
interviewed (45-60 min per interview) and asked for data using a question­
naire: name, age, marital status, educational level, history of abortions, 
medical control of pregnancy, weight gain during pregnancy, smoking habits, 
consumption of medication or illicit drugs, presence of a family history of 
malformations, existence of previous pathologies or development of one 
during pregnancy, and smoking and drinking patterns of their partners.
Regarding ethanol consumption, women were asked whether they had 
consumed during the first, second, or third trimester of pregnancy or during 
any combinations of these periods and the type of alcoholic beverage (beer, 
wine, whisky, etc) ingested during each period. They were also shown a group 
of glasses of different sizes and asked to refer the number and size of glasses 
they usually drunk (on a weekly basis) during each of the periods. With these 
data, taking into account the alcoholic content of each beverage, we estimated 
approximately the quantity of ethanol ingested by each woman and expressed 
it as milliliters of ethanol/trimester. Because we were interested only in the 
effects of light drinking, we set an upper limit. However, there is no consensus 
in the literature as to what should be considered light drinking. Suggestions 
are <9 mL/d (810 mL/trimester) of ethanol (15) or fewer than three standard 
drinks per week (25), which would be approximately 6.5 mL/d (585 mL/ 
trimester) of ethanol, considering a content of 14.7 mL (0.5 fluid oz) of 
absolute ethanol in a standard drink (26). Taking into consideration these data, 
we set 700 mL/trimester as the highest limit to be considered a light drinker. 
Women who consumed more were eliminated from the E group. Women who 
were below the upper limit per trimester but presented single isolated episodes 
of heavy drinking were also excluded.
Additionally, we excluded from the study those mothers who smoked, 
consumed illicit drugs, were medicated (e.g. psychoactive drugs), or pre­
sented any pathology previous to the pregnancy or developed one during 
pregnancy, such as gestational diabetes or preeclampsia, or a family history of 
malformations.
The sample was finally arranged in two groups: one comprising women 
who had consumed alcoholic beverages during any of the three trimesters of 
pregnancy (E group), and another including the women who declared com­
plete abstention during pregnancy and also during the 3 mo before conception 
(NE group).
Newborns whose mothers were included in the study were thoroughly 
examined twice, immediately after birth and 48 h later, to detect possible 
minor or major anomalies. The examination also included basic anthropomet­
ric measurements {e.g. weight, height, cephalic perimeter) and Apgar score (at 
5 min).
All the questionnaires and the examinations of the newborns were con­
ducted by the same observer, author Silvina Morales. M.D., who is trained as 
a pediatrician and works in the Genetics Service of a children’s hospital 
(Hospital de Ninos Superiora Sor Maria Ludovica, La Plata, Argentina). 
Because the examination of the newborns and the collection of data from the 
mothers were performed by the same observer, it was not possible for her to 
ignore which of the babies were exposed in utero to ethanol and which were 
not. However, subjectivity was minimized because to determine the presence 
of a malformation, we followed established objective guidelines and measur­
ing procedures currently in use at this Genetics Service, which are based on 
standard international textbooks (27,28) and locally obtained data (29). The 
Apgar score was determined by the pediatrician in charge of caring for the 
newborns.
Ethical considerations. The design of the questionnaire and the collection 
of the umbilical cords were approved by the ethics committee of the hospital 
where the samples were obtained, in accordance with the Declaration of 
Helsinki. Informed consent was obtained from the mothers before their 
inclusion in the study.
Tension measurements on intact tissue. For these experiments, only 
newborns delivered vaginally were included, excluding those born by cesar­
ean section to avoid the possible interference of drugs used during this 
surgical procedure. Segments of nearly 10 cm coming from the middle section 
of each umbilical cord were cut and the morphology examined and taken to 
the laboratory in plastic vials containing a transport solution (in mM: 130 
NaCl, 4.7 KC1, 24 NaHCO3, 1.17 Na2HPO4, 1.16 MgSO4, 2.5 CaCl2). UCAs 
were dissected from Wharton’s jelly and cut in 2- to 3-mm rings. The rings 
were attached isometrically to a force transducer (Letica TRI-201) whose 
output signal was amplified and recorded using a data acquisition board 
(DT16EZ, Data Translation, Inc.) and software (Labtech Notebook Pro, 
Laboratory Technology Corp.) and stored for further analysis. The prepara­
tions were then submerged in a glass chamber containing Krebs-Ringer 
bicarbonate solution (KRB) continuously bubbled with a mixture of 5% CO2 
and 95% O2 at 37°C. The KRB composition was in mM: 130 NaCl, 4.7 KC1, 
24 NaHCO3, 1.17 Na2HPO4, 1.16 MgSO4, 2.5 CaCl2 and 6.0 glucose. A 
tension of 2 g was applied, and the rings were allowed to equilibrate for 60 
min, changing the solution in the chamber every 20 min. After the stabiliza­
tion period, the rings were induced to contract by exposure to 1 pM 5-HT or 
by depolarization with a high-KCl solution (high K+ KRB) (prepared by 
rising to 80 mM the concentration of KC1 in the KRB and lowering NaCl by 
the same amount to preserve the osmolarity). The force developed by the rings 
is expressed as gram force (gF) per gram of wet tissue (gW).
Histologic study. Transverse samples, 1 cm long, of the umbilical cord 
were 10% formalin fixed, paraffin embedded, and submitted to histologic 
study through hematoxylin and eosin-stained sections. Samples were coded 
for individualization without knowing the group of origin of the material.
Statistical treatment of data. The significance of associations between 
consumption of ethanol and minor malformations was assessed using and 
Fisher tests. Ap value of <0.05 was taken to indicate statistical significance. 
The odds ratio (OR) with 95% confidence interval (CI) were calculated for 
statistically significance association.
The significance of the differences in other aspects of the two groups were 
evaluated using two independent sample t and x2 tests.
RESULTS
Characteristics of the mothers. A total of 324 mothers were 
interviewed, 121 of which were excluded because they pre­
sented possible confounding factors (see Patients and Methods 
section). Of the remaining mothers, 21 were excluded because 
they exceeded the upper limit to be considered light drinkers. 
We were then left with 100 in the NE group and 79 in the E 
group. The sample was homogeneous in all aspects apart from 
being or not being exposed to ethanol: there were no statistical 
differences between the E group and the NE group regarding 
geographic region of origin, age, marital status, educational 
level, history of abortions, medical control of the pregnancy,
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Table 1. Data obtained from the questionnaire answered by the mothers
* Statistically different from the NE group: p = 0.0000, OR = 5.79, CI: 3.00-11.16.
E group (n = 79) NE group (n = 100)
Age. y 25.0 ± 0.7 26.9 ±0.7
Marital status Married: 12% Married: 14%
Single with partner: 73% Single with partner: 74%
Single: 15% Single: 10%
Educational level (as percentage who completed each category) Elementary school: 80% Elementary school: 83%
Secondary school: 29% Secondary school: 34%
University: 3% University: 3%
Had previous abortions 32% 31%
Medical control of the pregnancy Adequate: 62% Adequate: 70%
Insufficient: 28% Insufficient: 18%
No control: 10% No control: 12%
Weight gain during pregnancy 13.6 ± 0.5 kg 12.3 ± 0.6 kg
Gender of newborn Male: 63% Male: 51%
Female: 37% Female: 49%
No. of mothers who consumed alcoholic beverages during: 1st trimester: 65
2nd trimester: 29
3rd trimester: 29
Average ml of ethanol consumed by each woman during each trimester 1st trimester: 202 ± 24 
2nd trimester: 231 ±40 
3rd trimester: 236 ± 41
Male partner (if present) who consumed ethanol during pregnancy 62%* 22%
Male partner (if present) who smoked during pregnancy 32% 44%
weight gain during pregnancy, or gender of the newborns 
(Table 1). Due to the exclusion criteria adopted, none of the 
mothers of the E group consumed >700 mL of ethanol during 
any of the 3-mo periods under consideration. Average values 
for each trimester are presented in Table 1.
Characteristics of the newborns. These are suimnarized in 
Table 2. There were no deaths at birth. Of the children, 75% 
were bom by vaginal delivery, and 25% by cesarean section 
(no statistical differences between the E and NE groups). The 
children whose mothers were in the E group demonstrated (a) 
a statistically significant increase in the presence of minor 
anomalies (66% in the E group versus 16% in the NE group), 
and (b) a significantly higher percentage of lower Apgar score 
at birth (11% in the E group versus 2% in the NE group). The 
newborns did not differ in other characteristics, such as 
weight, length, or head circumference (Table 2).
Although other anomalies were found, facial anomalies 
were the most coimnon minor malformations found in the 
group of newborns of E group mothers. Among them, there 
was a statistically significant increased frequency of retromi- 
crognathia (Fig. 1), short nose, and minor anomalies of the 
auricular and preauricular area (Figs. 1A and 2) such as low 
implantation of the ears, poorly developed helix, preauricular 
pits, and accessory tragus (Table 3).
There was no statistical differences among the average 
quantity of alcohol consumed by mothers in the E group 
whose newborns did not present any minor anomalies (27/79) 
from that of mothers of neonates with anomalies (52/79) 
(Table 4).
In a subgroup of the E group consisting of 36 mothers who 
consumed ethanol during the first trimester of pregnancy but 
who did not drink during the second or third trimester, 75% of 
the neonates presented at least one type of malformation (p = 
0.0000, OR = 15.75, CI: 6.25-39.70), again with retromicrog- 
nathia (n = 6) and ear and preauricular anomalies (n = 31) 
being the most coimnon findings. These newborns also pre­
sented a significantly higher percentage of low Apgar scores at 
birth (19%) compared with the NE group (p = 0.001, OR = 
11.83, CI: 2.33-60.08). The parameters obtained from this 
subgroup of newborns were not statistically different from the 
whole E group. Analysis of newborns to mothers who did not 
drink during the first trimester but drank during the second or 
third trimester was not done due to the low number of cases 
(only eight) in this category.
Table 2. Features of the newborns
Newborn
E group 
(n = 79)
NE group 
(n = 100)
Weight at birth, g 3250 ± 57 3292 ± 63
Length, cm 48.9 ± 0.3 49.3 ± 0.3
Head circumference, cm 34.4 ± 0.2 34.1 ± 0.2
Apgar score <7 at 5 min 11%* 2%
Presence of at least one type of 66%t 16%
malformation
* Statistically different from the NE group: p = 0.0119, OR = 6.3, CI: 
1.32-30.06.
t Statistically different from the NE group, p = 0.0000, OR = 10.11, CI:
4.98-20.54.
Figure 1. Typical examples of malformations in the newborns. (A) Newborn 
presenting retromicrognathia, low-set ears, and poorly developed helix. (B) 
Newborn with retromicrognathia. Both newborns from the E group.
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Figure 2. Typical examples of asymmetric ears in the newborns. A, B: 
Newborns presenting asymmetric ears. Both from the E group.
1 pM 5-HT
I
5 min
high K‘ KRB
Figure 3. Force development in UCA rings. (A) Representative experimental 
tracings of force development induced by 1 pM 5-HT (left) and high K * KRB 
(right) in UCA rings coming from newborns in the NE group (black tracings) 
or the E group (gray tracings). (B) Mean values of maximal force of 
experiments shown in A. 5-HT: n = 41 for the NE group and n = 20 for the 
E group. High K+ KRB: n = 31 for the NE group and n = 26 for the E group. 
^Statistically significant difference from the NE group (p < 0.05).Tension measurements on intact tissue. The UCA rings 
from the E group presented contractions that were signifi­
cantly lower than those from the NE group (Fig. 3). To 
investigate whether endothelial products could be responsible 
for these observations, we repeated the experiments in the 
presence of 0.1 inM N(omega)-nitro-L-arginine methyl ester 
(l-NAME) and 10 /J.M indomethacin, inhibitors of the release
of NO and prostacyclin, respectively. Blockade of the produc­
tion of these endothelial factors did not alter the results 
because UCA rings in the E group still developed less force 
than rings in the NE group when contracted with 5-HT 
(E group: 67.7 ± 8.5 gF/gW, n = 29; versus NE: 97.2 ± 8.2,
Table 3. Minor facial anomalies found in the newborns*
* Many newborns presented more than one anomaly.
Type of facial anomaly E group (n = 79) NE group in = 100) P OR (CI)
Short palpebral fissures 5 2 NS
Hypoplastic (smooth) philtrum 2 0 NS
Thin upper lip 1 0 NS
Cleft palate 1 0 NS
Retromicrognathia 12 2 0.0011 8.78 (1.90-40.48)
Ear and preauricular anomalies
Total 47 11 0.0000 13.22 (5.98-29.21)
Inclined ears 6 0 0.0066 17.77 (0.99-320.54)
Large earlobes 6 1 0.0450 8.14(0.96 - 69.06)
Low set ears 10 3 0.0134 4.69 (1.24-17.66)
Preauricular pits 2 0 NS
Poorly developed helix 11 5 0.0377 3.07 (1.02-9.25)
Asymmetric ears 9 1 0.0056 12.73 (1.58-102.76)
Accessory tragus 3 1 NS
Short nose 4 0 0.0363 11.98 (0.63-225.9)
Table 4. Average amount of ethanol in milliliters consumed by some of the mothers in the E group as related to findings in the newborns
Average amount of ethanol (in mL) consumed during 
each trimester by mothers whose newborns presented 1st trimester 2nd trimester 3rd trimester
No anomalies (n = 27) 200 ± 40 (n = 22) 265 ± 69 (n = 12) 233 ± 66 (n = 11)
Any anomaly (n = 52) 207 ± 30 (n = 42) 207 ± 49 (n = 17) 237 ± 54 (n = 18)
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n = 39; p < 0.05) or high K KRB (E group: 78.4 ±7.1 
gF/gW, n = 30; versus NE group: 123.6 ± 9.4 gF/gW, n = 
33; p < 0.05).
Histologic findings. Microscopic observation of the histo­
logic sections did not provide clear-cut evidence of the dif­
ferences from one sample to the other, making it impossible to 
differentiate cases from the E group or NE group. Besides that, 
none of the cords presented any pathology as recognized by 
this examination.
DISCUSSION
Ethanol is a well-known fetal teratogen, and its consump­
tion by pregnant women is associated with the development of 
FASDs. However, the threshold of ethanol consumption that 
results in harm to the fetus is not known, and, in particular, 
there are not a lot of data showing the effects of low doses of 
alcohol during pregnancy.
Our main objective was to study the effects of light drinking 
during pregnancy on newborns and their UCA; hence, ex­
cluded from the study were women who reported moderate or 
heavy ethanol consumption. Additionally, to avoid other con­
founding factors, we also excluded from this study mothers 
who smoked, consumed illicit drugs or prescription medica­
tions (e.g. psychoactive drugs), had preexisting or pregnancy- 
related pathologies, and women with a family history of 
malformations.
One of the main findings regarding newborns of mothers in 
the E group is that the 66% of them presented at least one type 
of minor anomaly/malformation compared with the 16% in 
the NE sample, particularly retromicrognathia and ear/ 
preauricular anomalies. This is in accordance with the fact that 
cranial and facial malformations are the most coimnon fea­
tures of FASDs (2). It must be taken into account that in 
addition to inducing facial dysmorphism, ethanol can affect 
the development of neural structures, particularly the brain 
(30) and ocular system (31). In addition, neural damage may 
be present even in the cases in which the facial appearance can 
be considered normal (3). Hence, studies such as ours may be 
complemented with others in which children exposed in utero to 
ethanol that do not present abnormal facial features are re­
examined later in life to explore possible subtle brain damage, 
such as cognitive or behavioral abnormalities (15,32).
Studies done in primates (and also other species) showed 
that the craniofacial alterations associated with FASDs may 
result from exposure to ethanol at very early stages of embry­
ogenesis (3), a period of tune in which women may be still 
unaware that they are pregnant and hence do not consider chang­
ing habits or behaviors that may harm the conceptus. Our finding 
of 75% of newborns presenting at least one anomaly resulting 
from mothers who declared drinking only during the first trimes­
ter of pregnancy is in agreement with those data.
It is interesting to note, however, that the mean dose of 
ethanol reportedly consumed by women whose offspring did 
not present any anomaly was not significantly lower than that 
of mothers of newborns who exhibited at least one malforma­
tion. The depth and scope of present study do not allow further 
speculations on the causes of this finding, but reports in the 
literature point out that the effects of ethanol exposure on 
different persons may be modulated by many factors, among 
them, their genetic background (33).
Children bom to mothers exposed to ethanol during preg­
nancy also had a higher probability of showing decreased 
vitality at birth, as evidenced by the results of the Apgar score. 
In a retrospective study, children diagnosed with FAS were 
found to have low Apgar scores at birth (34).
The mechanisms by which ethanol exerts its deleterious 
effects on the fetus include dose, tune of the pregnancy during 
which the exposure occurs, and the specific organ or fetal 
system under consideration (35). It has been shown that in 
útero ethanol exposure can damage the cardiovascular system 
(23,24). Hence, we examined its effects on umbilical arteries 
because these were the only readily available vessels of fetal 
origin and also because these arteries are fundamental in 
regulating fetoplacental blood flow. Histologic examination of 
hematoxylin and eosin-stained umbilical cord sections re­
vealed no differences between samples coming from the E or 
NE group. However, we found that the umbilical arteries of 
newborns belonging to the E group presented a diminished 
contractile response to serotonin and to high extracellular K+. 
Changes in endothelial release of NO or prostacyclin are not 
involved in this effect because inhibition of their synthesis 
with l-NAME and indomethacin, respectively, did not alter 
the fact that the rings of the E group developed less force. In 
a study using rats, comparable results were reported by Tur­
cotte et al. (36), who found that aortas of rats bom to mothers 
exposed to ethanol during pregnancy presented lower re­
sponses to norepinephrine and high K , in addition to lower 
vasorelaxation induced by an acetylcholine analogue. The fact 
that in human vessels we obtained results analogous to those 
derived from an animal model, in which prenatal ethanol 
exposure is produced in a controlled manner, gives additional 
support to our hypothesis that the observed results may be due 
to in útero ethanol effects on the cells of the UCA.
Finally, it is important to notice that none of the mothers 
included in the study can be termed alcoholic because the average 
amount of ethanol consumed was approximately 200-250 mL/ 
trimester, which in the literature is considered as light drinking. 
Consumption of these low doses of ethanol is socially accepted, 
and it is not frowned upon, but in the light of several studies 
(4,15), as well as the present one, it should be considered an 
unnecessary and easily avoidable risk during pregnancy.
Therefore, the present report contributes to further charac­
terize FASDs and reinforce the recoimnendations of health 
organizations proposing not only a decrease in consumption 
but instead total abstention from alcohol during pregnancy.
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